Role of Complement in Porphyrin-induced Photosensitivity  by Lim, Henry W. & Gigli, Irma
0022-202X/81 / 7601-0004$02.00/0 
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY, 76: 4-9, 198 1 
CopYTighl © 1981 by The Williams & Wilkins Co. 
Vol. 76, No. J 
Printed in U.S.A. 
Role of Complement in Porphyrin-induced Photosensitivity 
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Departments of Dermatology and Medicin e, Irvington House Institute, New Yorh University School of Medicine, 
New Yorh, New Yorh, U.S.A . 
Addition of porphyrins to sera of guinea pigs in vitro, 
followed by irradiation with 405 nm light, resulted in 
dose-dependent inhibitions of hemolytic activity of com-
plement (CH50, C3, and C5). With guinea pig as an animal 
model, we also found that systemically administered 
porphyrins, followed by irradiation with 405 nm light, 
resulted in dose-dependent inhibition of CH50 in vivo. 
The erythrocytes from porphyrin-treated guinea pigs 
showed an increased susceptibility to hemolysis induced 
by 405 nm irradiation in vitro. Clinical changes in these 
animals were limited to light-exposed areas and con-
sisted of erythema, crusting, and delayed growth of hair. 
Histologically, dermal edema, dilation of blood vessels, 
and infiltration of mononuclear and polymorphonuclear 
cells were observed. Guinea pigs irradiated with ultra-
violet-B developed erythema, but had no alteration of 
their complement profiles. It is suggested that comple-
ment products may playa specific role in the pathogen-
esis of the cutaneous lesions of some porphyrias. 
The porphyrias are a group of diseases characterized clini-
cally by photosensitivity. Within minutes to hours after expo-
sure to sunlight, patients complain of burning sensations in the 
sun-exposed areas and then suffer erythema, edema, and blis-
tering of the skin. Scarring occurs with repeated attacks. Bio-
chemically, abnormal accumulation of the intermediate prod-
ucts of heme synthesis (porphyrins) appear in plasma, eryth-
rocytes, urine, and feces. From experiments with mice rendered 
protoporphyric by griseofulvin administration, it has been sug-
gested that the primary process in the pathogenesis of the 
cutaneous lesions in erytluopoietic protoporphyria is damage 
to endothelial cells of capillaries, secondary to protoporphYJ·in-
mediated photochemical reactions [1]. However, the exact 
mechanism of the cytolysis of endothelial cells is not clear_ 
Bolande, Wurz, and Ecker demonstrated that when hema-
toporphyrin, eosin, or toluidine blue were added to normal 
human sera followed by irradiation with fluorescent light, there 
was a decrease in complement activity [2]. Gigli et aI demon-
strated that sera of patients with erythropoietic proto porphyria, 
upon irradiation with 400 run light in vitro, showed a profound 
decrease in levels of CH50, Cl, C4, C2, and C3 [3], which 
suggested that products of complement activation may playa 
role in the production of the skin lesions. In support of this 
possibility is the report of deposition of C3 and immunoglobu-
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lins within the walls of capillaries and at the demo-epidermal 
junction of the skin of patients with porphYJ·ia cutanea tarda 
[4], porphyria variegata [4] and erythropoietic proto porphyria 
[4,5]. 
Except for findings of direct immunofluorescence, and the 
reported increased levels of C3c, C3d, Factor Band C4 in the 
fluid of blisters produced by suction in patients with erythro-
poietic protoporphyria after exposure to glass-filtered mercury 
arc radiation [6], no other studies have been reported on the 
possible role of complement-derived mediators of inflammation 
in the production of the skin lesions in vivo, nor the interaction 
of these mediators with porphyrin molecules. 
In this paper, we present evidence for a possible role of 
components of complement in the production of skin lesions in 
porphYJ·in-induced photosensitivity in guinea pigs. In addition, 
we demonstrate for the fu-st time that similar to the phenome-
non in patients with erythropoietic protophorphyria, the eryth-
rocytes of porphyrin-treated guinea pigs have an increased 
susceptibility to hemolysis induced by 405 nm radiation in 
vitro. 
MATERIALS AND METHODS 
Preparation. and Determinations of POIphyrins 
The disodium salt of protoporphyrin IX was obtained from Calbi-
ochem (San Diego, California). On assaying the pUl·ity of this prepara-
tion by thin-layer chromatography by the method of Grossner, Swee-
ney, and Eales [7], it was found to conta in protoporphyrin (19%), 
hematoporphyrin (55%), and 4 other intermediate porphyrins (26%). 
Protoporphyrin disodium salt was dissolved in a 2.5% solution of 
ovalbumin-in-saline on the day of the experiment, as described by Baer 
et al [8]. In order to prevent significant loss of porphyrins from exposure 
to ambient light, all procedures involving porphyrins were carried out 
under red incandescent light [9]. 
Measurements of porphyrin in serum were performed by the method 
of Poh-Fitzpatrick, et al [10]. Twenty microliters of serum were diluted 
with 200 microliters of normal saline, and the porphyrins we!-e extracted 
with ethylacetate-acetic acid (4:1 vol/vol). The mixtUl-es were vortexed 
for 10 seconds, centrifuged for 30 seconds at 450 g, and the supernatants 
were transferred to other tubes, to each of which 2 ml of 1.5 N HCI 
were added. The new mixtures were vortexed for 10 seconds, allowed 
to stand briefly and then the concentrations of porphyrins of the 
separated lower HCl phase were measured with an Aminco Bowman 
Spectrophotofluorometer at maximal excitation wavelength of 405 nm, 
and maximal emission wavelength of 590 nm. The concentrations of 
porphyrin were read from a standard curve constructed with known 
concentrations of porphyrins in pooled-guinea pig serum. 
Light Source 
Four General Electric F40BL tubes were used as the source of 405 
nm light. They emit photons over a wavelength range of 320 nm to 450 
nm, which represents 94% of the total energy output of the lamps. The 
output of the lamps at wavelength range of 400-410 nm is 200 ILw/cm 2, 
measured at a clistance of 15 cm, with an IL Research Racliometer, a 
PTl71C sensor, and a NB405 filter (International Light, Newburyport, 
MA). A 3-mm windowglass ftiter was used during irradiation to effec-
tively eliminate photons of wavelengths below 320 nm. The source of 
ultraviolet-B irradiation was a bank of 4 Westinghouse FS40SL tubes, 
which emits photons over the wavelength range of 275-370 nm. The 
output of the lamps at wavelengths range of 292-303 nm is 300 ILw/cm", 
measured at 15 cm from the light SO Ul·ce, with an IL700 Research 
Radiometer, a SEE240 sensor, and a NB297 filter (International Light, 
Newburyport, MA). 
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Determination of Effect of POllJhyrins in Vivo 
In order to evaluate the effect of porphyrins on complement and the 
induction of photosensitivity in vivo, a lbino guinea pigs, weighing 250-
300 gm (Camm Research Institu te, Wayne, New J ersey), were injected 
intraperitoneally wi th varying concentrations of solutions of porphyrins 
in doses ranging from 3.6 mg/ kg to 57.1 mg/kg of body weight. They 
were then subj ected to irradiation with 405 nm ligh t. 
On the day of the irradiation, the dorsal skin surface of the guinea 
pigs was gently depilated with Surgex (Cooper Laboratories, Water-
town, Mass. ), with care taken not to produce erythema by irritation. 
The animals were then given intraperitoneally 2.5 ml of different 
concentrations of porphyrins in 2.5% ovalbumin-in-sal ine solu t ion. Con-
tro l animals received either ovalbumin-in-saline solu t ion or normal 
saline. Opaque adhesive tape was placed on contro l areas on the dorsal 
skin surface of a U animals to protect non irradiated control area. Thirty 
minutes after the injections, the guinea pigs were exposed to 405 nm 
radiation for 90 min. The target-skin distance was 15 em, and at the 
wavelength range of 400-410 nm, the energy emitted was 1.08 J /cm". 
At the end of t he period of irradiat ion, the adhesive tape was removed 
and the guinea pigs were retumed to their cages in subdued room light. 
Porphyrin-trea ted, noni.rradiated guinea pigs were kept in the dark a nd 
served as additional cont rols. Blood specimens for studies of comple-
ment, determina tion of porphyrins and studies of hemolysis of e!·yth . 
rocytes were obtained fTOm each guinea pig by cardiac punctu1'e prior 
to the irradiation, and 1 hI' after the irradiation. The samples of blood 
taken before treatment from each animal served as cont rols. Clinical 
eva luations of cutaneous changes were made regularly a nd biopsies of 
s kin were taken at various in tervals: 1.5 min, 1 day, 4 days and 14 days 
after the completion of the irradiation. 
Hemoly tic Titration of Total Complement A ctivity and Individual 
Components 
Blood specimens from porphyrin-treated a nd cont rol guinea pig, 
obtained by cardiac pucture, were left to clot at room temperature for 
1 h1', then placed on ice for 1 hr to allow for maxima l retraetion of t he 
clot. All these procedures were carried out in the dru-k. Separation of 
the sera from the clots was done by 10 min of centrifugation at 4°C anct' 
800 g; the sera were then divided into aliquots and stored at -70°C. 
Veronal-buffered saline, pH 7.5, 0.15 M, conta ining 0.1% gelatin 
(GVB) ; GVB conta ining 0.15 mM CaCh, and 0.5 mM MgCb (GVB++) ; 
GVB++ containing 2.5% dextrose (DGVB++); and 40 mM disodium 
ethylene diamine tetracetate buffer in GVB (EDTA-GVB) were pre-
pared as previously described rll]. Sheep erythrocytes were coated 
with rabbit antisheep hemolysin to obtain EA (erythrocytes coated 
with antibody). EACI were prepru'ed by mixing EA with guinea pig 
cl, diluted to provide 200 effective molecules per ceU in the fluid phase. 
After incubation for 90 min at O°C, the ceUs were washed once in 
DGVB++ and stored in the same buffer wi th penicillin and strepto-
mycin [12]. EAC14 cells were prepared by incubating EACi cells at 1 
x 10"/ml at 30°C for 10 min with human C4 to provide 400 effective 
molecules per cell in the fluid phase [13]; the cells were washed and 
resuspended in DGVB++. Effective molecule t itrations with these 
cellulru' intermediates were used to meaSUl'e CH50 (14], C3 [15] and C5 
[16]. 
Hemolysis of Guinea Pig Erythrocytes 
Heparinized (100 u/ ml) guinea pig whole blood was obtained by 
cardiac punctUl'e 3 hI' after the injection of porphyrins. The erythro-
cytes were sepru'ated f1'om the plasma by centrifugation at 450 g and 
4°C for 10 min, washed with an isotonic NaCI solu tion, resuspended in 
phosphate-buffered saline (pH 7.4) and stored at 4°C, a method modi-
fied from Schothorst et a l [17]. The erythl'ocytes were washed with an 
isotonic solu tion of NaCI on the day of the experiment and resuspended 
in phosphate-buffered saline. The washed erythrocytes were then 
placed in a glass tube on a rotator, a nd while being spun exposed for 8 
hl' to 405 nm radiat ion at a distance of 15 cm. Ident ically processed 
erythrocytes were kept in the dru'k as cont rols. The degree of hemolysis 
was measUl'ed by the amount of hemoglobin released in to the medium 
as read by a spectrophotometer (Gilford Instrument, Stasar II) at 414 
nm. 
RESULTS 
Effect of Porphyrins on Guinea Pig Complement in Vitro 
The effect of the porphYl'ins on the total hemolytic activity 
and the individual components of guinea pig complement was 
investigated by the following procedure. Fifty microliters of a 
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solution of porphyrins were added to 0.45 ml of pooled guinea 
pig serum (Pel-Freez Biologicals, Rogers, Ark.). The serum was 
pow-ed into a P etri dish, set on ice and irradiated with 405 nm 
light for val'ying periods of time through a 3-mm glass fil ter to 
exclude radiation below 320 nm. The distance from the light 
source to the base of the Petri dish was 15 cm. Controls in these 
experiments were sera to which only ovalbumin-in-saline solu-
tion or normal saline was added. Titrations for complement 
activity were then performed. As shown in Table I, when sera 
that had been treated with porphyrins were exposed to 405 nm 
irradiation for 30 min, there was a progressive decrease in the 
total complement activity (CH50) with increasing serum por-
phyrin concentration. Seventy-six percent of the CH50 activity 
was inhibited when 5.0 f.Lg of porphyrins/ml of serum were used. 
In a separate experiment, it was shown that this decrease was 
dependent on the duration of irradiation with 405 nm light 
(Table II) . When the sample was kept in the dal'k, no decrease 
in CH50 activity was noted. 
Table III shows the effect of porphyrins on guinea pig C3 and 
C5 activities. In both experiments, there was a dose-dependent 
decrease of the hemolytic activity upon exposure to 405 nm 
irradiation. No effect on activity of C3 was found when samples 
were kept in the dark. However, at porphyrin concentrations of 
>5 f.Lg/ ml, there was a light-independent decrease of C5 activity 
(34- 48%). 
To evaluate whether the concomitant presence of 405 nm 
light and porphyrins are required for complement consumption 
or if porphyrins that have been exposed to 405 nm i:rradiatio~ 
prior to their addition to guinea pig sera could affect comple-
ment activity upon further ilTadiation, the following experi-
ments were calTied out. A sample of porphyrin solution at a 
concentration of 6 f.Lg/ ml was ilTadiated with 405 nm light for 
150 min, and an identical sample was kept in the dark. Two-
tenth ml of each porphYTin samples were added to two 0.3 ml 
of guinea pig sera, giving a final porphyrin concentration of 2.4 
f.Lg/ ml, and a serum dilution of 3/5. Three-tenth ml of each 
mixture was ilTadiated with 405 nm light for 30 min as described 
in Materials and Methods. The remaining samples were kept in 
the dark. Controls for these experiments were serum samples 
to which similarly treated ovalbumin-in-saline solution was 
added. The results are shown on T able IV. Pre-irradiation of 
porphyrins prior to their administration to guinea pig sera did 
not produce any alteration of complement activities, irrespec-
tive of whether the sera were subsequently irradiated or kept in 
TABLE 1. In. vitro effect of porphyrins on total hemolytic activity 
ReagenL 
added to serum 
as 
PP", 1.25 ALg/ml 
PP, 2.5 ALg/ml 
PP, 5.0 ALg/ ml 
% CompiemenL inhibiLion (!CH50)" 
Dark 
o 
o 
o 
30 min 
Irradiation 
o 
25% 
42% 
76% 
" Percent inhibition was calculated based on the titer on the sample 
that received 2.5% ovalbumin-in-saline solu t ion (aS) and was kept in 
the dark. 
I> Porphyrins. 
TABLE II. In vitro effects of pOlphr rins: Time course 
% CompiemenL inhibition (!CH50)" 
ReagenL Irradiat.ion time (minutes) 
added to serum 
O' 10' 20' 30' 
as 0 3% 0 
ppb, 1.2 ALg/ ml 0 17% 23% 32% 
" Percent inhibition was calculated based on the tite r of the sample 
that rece ived 2.5% ovalbumin-in-saline (OS) solution and was kept in 
the dark. 
I, Porphyrins. 
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TABLE III. In vitro effect of porphyrins on C3 and C5 of guinea pig 
% C3 inhibition" % C5 inhibition" 
Reagent 
30 min added to senom Dark 30 min Dark in-ad. in·ad. 
OS 0 0 
PP", 0.62 !!g/ ml NDc ND 0 28 
PP, 1.25 !!g/ ml 0 13 0 35 
PP, 2.5 !!g/ ml ND ND 0 56 
PP, 5.0 !!g/ ml 0 52 34 75 
PP, 10.0 !!g/ ml 0 80 38 92 
PP, 20.0 !!g/ml 0 84 48 98 
" Percent inhibition was calculated based on the titer of the sample 
that received 2.5% ovalbumin-in-saline solution (OS) and was kept in 
the dark. 
" Porphyrins. 
C Not done. 
TABLE IV. In vitro effect of pre-irradiated porphyrins on CH50 
Reagents 
PP", 6 !!g/ ml 
OS 
" Porphyrins. 
UVA (min) 
150 
o 
150 
o 
Final concentration 
in guinea pig sera" 
PP, 2.4 !!g/ml 
PP, 2.4 !!g/ ml 
o 
o 
Dark 
o 
o 
o 
%!CH50C 
Irrad iation 
3 
26 
o 
o 
b Serum samples were diluted by porphyrin solu tion to a final dilution 
of 3/5. 
C Percent inhibition was calculated based on the t iter of the sample 
that received . a solution of 2.5% of ovalbumin-in-saline (OS) and was 
kept in the dark. 
the dark. In contrast, samples that received porphyrins that 
were kept in the dark, followed by 30 min irradiation, showed 
a 26% decrease in complement activity. 
To evaluate the . role of singlet oxygen and peroxides in the 
inhibition of complement activity observed, guinea pig sera 
were treated with each of the following scavengers: bovine 
superoxide dismutase, 10 f!g/rnl (Truett Laboratories, Dallas, 
Texas), catalase, 10 ILg/ml, histidine, 0.5 mM, and 2,5-dimethyl-
furan, 0.5 mM (Sigma Chemical Co., St. Louis) . Porphyrins, 2.25 
ILg/ rnl were then added and the mixtures were exposed to 405 
nm irradiation for 30 min at room temperature. The results are 
shown on Table V. The inhibition of complement activity 
induced by porphyrins and 405 nm irradiation was not affected 
by the presence of scavengers of oxygen free radicals or hydro-
gen peroxide. . 
Effect of Porphyrins on Guinea Pig Complement in Vivo, 
Serum Levels of Porphyrins and Hemolysis of Elythrocytes 
Guinea pigs exposed to 90 min of irradiation following the 
administration of 7.5 mg and 10.0 mg of porphyrins/kg of body 
weight, showed decrease of total complement activity by 22% 
and 40%, respectively (Table VI). No decrease was observed in 
either porphyrin-treated guinea pigs kept in the dark, or in 
guinea pigs that did not receive porphyrins and were irradiated. 
The dose response of the effect of porphyrins in vivo was 
evaluated in a group of guinea pigs that received porphyrins in 
doses ranging from 3.6 mg/kg to 57.1 mg/kg body weight. As 
seen in Fig 1, ·there is a linear decrease of the CH50 at doses 
less than 12 mg/kg of body weight. Higher doses of porphyrins 
were not associated with further complement inhibition. Mea-
surement of levels of porphyrins in the samples demonstrated 
a direct correlation between the amount of porphyrins injected 
and serum concentration. This linear correlation was also seen 
in the degree of hemolysis of erythrocytes induced by 405 nm 
irradiation in vitro. 
To investigate whether the changes observed in complement 
levels were only due to mediators released as a consequence of 
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the light-induced erythema and independent of porphyrins, 
albino guinea pigs were irradiated with ultraviolet-B to produce 
erythema of the same intensity as seen in the guinea pigs which 
received porphyrins and 405 nm irradiation. No alterations in 
complement levels were observed in these animals. 
Clinical and Histological Changes in POlphyrin-treated 
Guinea Pigs 
Clinical changes: Guinea pigs that received porphyrins and 
405 nm irradiation developed erythema in the light-exposed 
areas within 90 min of the initiation of the irradiation, reaching 
TABLE V. Effect of scavengers on inh.ibition of complement activity 
induced by porph.yrins and 405 nm irradiation 
Addition to Guinea Pig Sera %!CH50" 
Porphyrins Dark Irradiation Reagents (f-Lg/m1) 
S uperoxide dismutase, 10 2.25 0 46 
flg/ml 
Catalase, 10 !!g/ ml 2.25 0 46 
Superoxide dismutase, 10 2.25 0 46 
!!g/ml and catalase, 10 
!!g/ml 
Histidine, 0.5 mM 2.25 0 43 
2,5-dimethylfuxan, 0.5 mM 2.25 0 43 
PBS" 2.25 NDc 43 
PBS 0 ND 
" Percent inhibition was calculated based on the t iter of the sample 
that received phosphate-buffered saline (PBS) and a solution of 2.5% 
of ovalbumin-in-saline (OS) and was kept in the dru-k. 
" Phosphate buffered saline. 
" Not done. 
T ABLE VI. In vivo effect of porphyrins on CH50 
Phorphyrins, mg/ kg 
7.5 
10.0 
None 
% Complement Inhbition (CH50)" 
Dark 
o 
o 
o 
90 min 
irradiation 
22% 
40% 
o 
" Percent inhibition was calculated based on the titer of pre-treatment 
sample from t he same guinea pig. 
.' 
.' 
.' 
.' 
£ o 
.'\ / . , 
/' 
/' 
./ 40 
.,.. 
i 
30':':" 
E 
a. 200. 
E 
~ 
20 10 
/' 
t . . "· 
.", ,£ 
.'1: 
.-0' ~----~10C-----~2U~----~3O~----~4~O------5~O~----~OO~0 
pp injected. mg/ kg 
FIG 1. In vivo dose-response of the effect of porphyrins (PP) on 
complement activity. eH50 decreased linearly at doses of porphyrins 
<12 mg/kg, and the decrease leveled-off at higher porphyrin concen-
trations. There is a direct correlation between the amount of porphyrin 
injected and serum porphyrin concentration. 
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its maximum on the 2nd to 4th day, and subsided gradually 
over 2 to 3 weeks. On the exposed area, there was delayed 
regrowth of hair, eros.io.n, crus~ing, and a marked thickening of 
the skin (Fig 2). No chmcalleslOns were noted on the areas that 
were covered with opaque adhesive tape, nor in guinea pigs 
that received 405 nm irradiation without injection of porphyrins 
or injection of porphyrins without irradiation. 
Histological Changes: Biopsy specimens obtained from por-
phyrin-treated animals after 90 min of irradiation showed der-
mal edema and dilation of lymphatics (Fig 3). Twenty-four 
hours after the irradiation, there were infiltrates of polymor-
phonuclear cells in the dermis (Fig 4). On the 4th day, when 
erythema was clinically at its peak, there was epidermal necro-
sis, intra-epidermal clefting, dermal edema, dilation of blood ' 
vessels, extravasated erythrocytes, mixed-cell infiltrates with 
many polymorphonuclear leukocytes, and nuclear dust (Fig 5). 
Scarring and increased numbers of eosinophils in the dermis 
were found on the 14th day. These changes were not seen in 
pretreatment biopsy from the same animal, nor in biopsies from 
guinea pigs that received only porphyrins but were not irradi-
ated. Skin biopsies from guinea pigs that did not receive por-
phyrins but were exposed to 405 nm irradiation showed only 
dermal edema; no increase in cellular infiltrate in the dermis 
was observed. 
DISCUSSION 
In this paper, we demonstrated effects of porphyrins on 
guinea pig complement system in vitro and in vivo. We showed 
that cutaneous lesions could be induced in guinea pigs after 
adminstration of porphyrins and subsequent irradiation with 
405 nm light, thus confu'ming the earlier observation of Baer et 
al [8J. 
Addition of porphyrins to guinea pig sera in vitro, followed 
by irradiation with 405 nm light resulted in a dose-dependent 
FIG 2. Erythema, erosion, crusting and delayed regrowth o. 
in porphyrin-treated guinea pig 14 days after irradiation. Centr&.. 
shaped area was covered during the irradiation. 
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FIG 3. Skin biopsy from porphyrin-treated guinea pig obtained im-
mediately after the completion of the 405 nm irradiation. (X120). There 
ar e dermal edema and dilatation of the lymphatics. 
decrease of activities of CH50, C3, and C5 (Tables I, III); this 
decrease was dependent on the duration of the irradiation 
(Table 11). Although inhibition of activities of CH50 and C3 
was a light-dependent process, at doses of porphyrins greater 
than 5 Ilg/ ml, there was inllibition of C5 activity in samples 
which were kept in the dark (Table III) ; this light-independent 
decrease of C5 activity was less than the decrease observed in 
irradiated samples (34-48% vs 75-98%). This suggests that at 
high concentrations of porphyrins, C5 could participate in a 
light-independent interaction with porphyrin molecules. 
There are 2 possible modes of interaction between porphy-
rins, 405 nm light, and complement. Porphyrins may have a 
direct effect on the components of complement, inducing struc-
tural alterations of some of the components; alternatively, 
porphyrins may interact with other serum proteins, e.g., gamma 
globulins, or Clq, and cause structural alterations in the latter 
which in turn activate the complement system. The light-in~ 
dependent effect of porphyrins on C5 (Table III) supports the 
possibility of direct effect of molecules of porphyrins on com-
ponents of complement. However, the inhibition of complement 
activities induced by porphyrins and 405 nm irradiation pre-
sented in the paper, taken together with the observation of 
Gigli et al [3], who demonstrated the appearance of cleavage 
products of C3 by immunoelectrophoresis in irradiated sera of 
patients with erythropoietic protoporphyria, and the recent 
report of the appearance of cleavage products and components 
of complement (C3c, C3d, Factor B, and C4) in suction blister 
fluid from involved skin of patients with erythropoietic proto-
porphyria [6], suggest that the nature of complement-porphy-
rins interactions probably involves activation of complement. 
Ti)e observed effect of porphyrins on complement may in-
8 LIM AND GlGLl 
volve transiently present, photo-excited states of molecules of 
porphyrins, thereby requiring concomitant presence of porphy-
rins and 405 nm irradiation; alternatively, they may involve the 
production of stable photoproduct(s) of porphyrins generated 
upon irradiation. Experiments depicted in Table IV demon-
strated that diminution of complement activity was not ob-
served when porphyrins were irradiated prior to addition to 
sera, irrespective of whether the sera were subsequently ex-
posed to 405 nm light or kept in the dark. This suggests that 
irradiation resulted in inactivation of molecules of porphyrins, 
rendering them unable to interact with complement proteins. 
It also supports the possibility that stable photoproducts of 
porphyrins are not involved. Moreover, the decrease in comple-
ment activity when the serum-porphyrin mixtw'e was irradiated 
lends support to the idea that transiently present, excited state 
of porphyrin molecules was necessary for the interaction. 
It has been proposed that porphyrins, in the pl'esence of 405 
run irradiation and oxygen, generate the production of oxygen 
free radicals or hydrogen peroxide [18-20). To evaluate if free 
radicals are involved with the inhibition of complement activity 
induced by porphyrins and light, guinea pig serum was incu-
bated with scavengers prio), to treatment with porphyrins and 
405 run irradiation. Table V demonstrated that complement 
consumption was unaffected by scavengers of superoxide anion 
radicals (i.e., superoxide dismutase), hydrogen peroxide (i.e ., 
catalase), and singlet oxygens (i.e., histidine, 2,5-dimethyl-
furan). As porphyrins are known to bind to sel'um proteins, i.e., 
albumin and hemopexin [21,22], these results suggest that 
complement-porphyrin interaction may involve binding of por-
phyrins to complement protein, or a very close approximation 
FIG 4. Skin biopsy obtained 24 hr after injection of porphyrins and 
exposure to nm light (X160). There are many polymorphonuclear cells 
in the dermis. 
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F IG 5. Skin biopsy obtained 4 days after injection of porphyrins and 
irradiation (xlOO). Epidermal necrosis, in tra-epidermal clefl, dermal 
edema, extravasation of erythrocytes, mononuclear and polymorpho_ 
nuclear cell inftlt rate are the prominent features. 
of them, resulting in instantaneous effect of free radicals gen-
erated upon light irl'adiation on complement molecules, even in 
the presence of scavengers. It is possible, however, that oxygen 
free radicals and peroxides may not play any significant role in 
complement-porphyrins interaction. 
In a study of dose response in vivo, there was a linear decrease 
of CH50 at doses of porphyrins less than 12 mg/ kg; however, 
. there was no further complement inhibition of higher doses 
(Fig 1). It is possible that during the period of irradiation, only 
a given proportion of the total blood volume circulated through 
the papillary dermis, where it was exposed to 405 nm ligh t. The 
plateau in complement consumption represents the maximal 
inhibition of complement activity in that volume of blood as 
manifested in the general circulation. Alternatively, this may 
represent either a steady-state between continued complement 
synthesis and its consumption, or a preferential utilization of a 
given component. 
The clinical changes in the guinea pigs were dose-dependent 
and were limited to irradiated al'ea (Fig 2) . This is consistent 
with the clinical changes observed in patients with porphyrias. 
Histologically, we observed many polymorphonuclear leuko-
cytes in the dermis 24 hr' after the i.rradiation (Fig 3). This 
confirms the previously reported changes during acute flares of 
photosensitivity in patients with erythropoietic protoporphyria 
[23] and in mice rendered protoporphyric by administration of 
griseofulvin [24]. 
Erythrocytes of patients with erythropoietic protoporphyria 
have been reported to be susceptible to hemolysis induced by 
405 nm irradiation (17]. We demonstrated that erythrocytes of 
guinea pigs treated with porphyrins were similarly susceptible 
to light-induced hemolysis in vivo, and the degree of hemolysis 
correlated linearly with the dose of porphyrins injected. 
Therefore, the utilization of the animal model originally 
described by Baer et al (8] offers a means to evaluate the 
Jan. 1981 
clinical and laboratory changes that may be involved in the 
production of porphyrin-induced skin lesions in man. 
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wish to tha nk M. Poh-Fitzpatrick, M.D. , Department of Dermatology, 
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phyrins, and Morris Leider , M.D., for helpful edi to rial suggestions. 
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